INTRODUCTION
Regulated change in cytosolic free Ca2l concentration (jCa2+],) is an important intracellular signal transduction mechanism responsible for the regulation of many aspects of cellular biochemistry, including gene expression (1, 2] , protein synthesis [3] , stimulus-secretion coupling [4, 5] and stimulus-contraction coupling [6] . Time [7, 8] is one such cell type [9] .
Although the [Ca2'], response to pharmacological agents has been extensively studied in populations of GH4C, cells and a related clone, GH3 (10-1 3] , much less is known about the [Ca2+]1 response in individual cells [9, [14] [15] [16] . In particular, the mechanisms that underlie the generation of spontaneous perature. Cells were then rinsed with HBSS and remained in HBSS until use. Pharmacological agents were administered with a Pasteur pipette to remove the buffer bathing the cells and to replace it with buffer containing the agent(s) of interest. The act of removing and replacing the buffer surrounding the cells did not result in a significant change in Fluo-3 fluorescence. Unless otherwise indicated, all data were collected by using cells in HBSS containing 1 mM CaCl2 (Ca/HBSS). Ca2+-free experiments were conducted in HBSS without CaCl2 containing 0.5 mM EGTA (EGTA/HBSS). All experiments were performed at room temperature.
[Ca2+]1 was measured in single cells by using an ACAS 570 interactive laser cytometer (Meridian Instruments, Okemos, MI, U.S.A.) [17] [18] [19] . The coverslip on which the cells had been plated was placed in a tissue chamber (Biophysica Technologies, Baltimore, MD, U.S.A.), which was then mounted on the stage of an Olympus IMT-2 inverted fluorescence microscope. The coverslip was scanned as the computer-controlled microscope stage moved through a prescribed x-y pattern over the fixed excitation laser beam. Fluo-3 fluorescence was excited by using the 488 nm line of an argon laser. Fluorescence emission was passed through a 515 nm long-pass filter and monitored with a photomultiplier tube.
Time-resolved changes in [Ca2+]1 over an entire GH4C1 cell were monitored by using the image-scan mode of the ACAS 570. During an image scan, the stage was moved so as to scan a rectangular field covering the area of a single cell or a small group of cells. From a series of such experiments, it was determined that [Ca2+]1 fluctuations in GH4C1 cells occurred over the entire cell, without identifiable peaks of fluorescence intensity associated with any particular area of the cell such as the nucleus (results not shown). Individual cell images were scanned with 1.5 ,um spatial resolution and 4-7 s temporal resolution. Greater time resolution was gained by using the line-scan mode of the ACAS 570. In this mode the stage was moved along the x-axis only. Measurements were therefore taken as a linear trace across the same portion of the cell for the entire experiment. GH4C1 cells had a rounded morphology and, for an experiment using the line-scan mode, the stage was aligned so that the laser beam scanned through the equator of the cell. As the cell passed over the laser beam, fluorescence measurements were taken at 0.6 4m intervals; the fluorescence value recorded for each point was the mean of 8 sequential readings. Since each reading was taken in approx. 4 Its, the total time required for a line scan of a single cell was approx. 17 ms. The relative fluorescence value for each time point represented the integral of the fluorescence measurements recorded across the cell divided by the length of the scan. All data reported here were obtained by using the line-scan mode. Fluorescence measurements were repeated at 300 ms intervals unless otherwise noted.
All calcium measurements reported here were made with the indicator dye Fluo-3, because this dye is relatively resistant to photobleaching. The major disadvantage of using Fluo-3 is that relative fluorescence data cannot be readily calibrated to yield absolute Ca2+ concentrations [20, 21] Figure  3) , and the inhibition of [Ca2+]i fluctuations persisted throughout the duration of Ca2+ chelation. These kinetics are similar to those for the so-called 'superficial' Ca2+ pool previously described in GH4C1 cells [36] . A curious finding was that the last oscillation was often longer in duration than previous spikes (note Figures  3, 4b, 7b, 7c and 8b) . , 1 1 , 1 1 1 1 1 i . 1 . 1 1 1 1-1 nifedipine abolishes spontaneous [Ca2l] , fluctuations in Fura-2-loaded GH3B6 cells [9] . This finding was confirmed here in Fluo-3-loaded GH4C1 cells ( Figure 5 ). We observed two differences between [Ca2+]1 profiles generated when the fluctuations were abolished by nifedipine and those produced by chelation of extracellular Ca2+ with EGTA: first, the oscillations ceased more quickly in response to nifedipine than to EGTA; second, the last oscillation produced by nifedipine did not display the characteristic broad peak seen in the EGTA-treated cells. These findings suggest that nifedipine and EGTA inhibited spontaneous [Ca2+]1 fluctuations by different mechanisms. The first observation could be explained by postulating that EGTA chelation of extracellular Ca2+ occurred more slowly than antagonism of L-type VOCC by nifedipine. The observation that EGTA and nifedipine produced final oscillations of different durations may be due to the presence of more than one Ca2+-efflux mechanism. For example, plasma-membrane efflux pumps and/or ion exchangers could be inhibited, in the absence of extracellular Ca2+ or upon emptying of an intracellular Ca2+ pool, leaving uptake into intracellular Ca2+ stores as the predominant mechanism for decreasing elevated [Ca2+]1. If Ca2+ uptake into intracellular compartments is not as efficient as plasma-membrane Ca2+-efflux mechanisms, the time required for [Ca2+1' to return to baseline would increase.
The experiments utilizing nifedipine were conducted in 1 mM Ca2+ medium. Under these conditions, it is likely that plasmamembrane efflux pathways would function, the elevated [Ca2+]1 from the last oscillation would be decreased by a combination of efflux from the cell and uptake into intracellular compartments, and a typical oscillation of 1-2 s duration would result. Alternatively, nifedipine has been reported to inhibit Ca2+ release from an intracellular store in neutrophils [37] . If a similar mechanism is present in GH4C1 cells, the rapidity ofthe nifedipine response and the lack of a final broad peak could be due to the simultaneous block of both plasma-membrane L-type VOCC and an intracellular Ca2+-release channel. At present these hypotheses are speculative. Additional studies are required to explain fully the mechanistic differences between the EGTA-and [25] [26] [27] , followed by a plateau phase that requires entry of extracellular Ca2+ [10] . A biphasic populations of GH4C1 cells [10] , the initial spike phase was insensitive to removal of extracellular Ca2l by EGTA/HBSS (Figure 8b) [Ca12]a response has also been reported in individual GHABo s cells [14] and was confirmed here (Figure 8a ). As observed in a plasma-membrane Ca2+-ATPase as well as a changer [10, 22] . Therefore, the falling phase of th probably due to the combined activity of uptake in Ca2+ pools, Na+/Ca2+ exchange and efflux via a brane Ca2+-ATPase (see [22] 
